Background: The aim of this study is to investigate if IL8 levels were associated with incident cardiovascular (CV) events (CVE) and mortality (all-cause, CV, and cancer) in a cohort of 60 years old men and women from Stockholm (60YO). Methods: The 60YO comprises 4232 participants; baseline period: 1997-1999. The cohort is matched annually to population registries to record deaths and incident CVE. Serum IL8 was measured in 4011 participants and categorized in quartiles. Cox proportional hazard models were used to estimate the CVE and mortality risk, expressed as hazard ratios (HR) with 95% confidence intervals (CI). Potential confounding was addressed by adjusting for traditional CV risk factors (CVE estimates) and by sex, life style habits, metabolic factors (mortality estimates). Laplace regression was used to calculate the difference in time until a certain percentage of the cohort died according to IL8 levels. Results: During 16.5 years follow up, 522 incident CVE were recorded and 647 study participants died. IL8 was not associated with CVE risk (IL8 Q4 vs Q1, HR of 0.95; 95% CI 0.75-1.22). Compared to Q1, IL8 Q4 was associated with all-cause mortality (adjusted HR 1.28; 95% CI 1.02-1.63). No association was observed with CV and cancer related mortality in the fully adjusted model. Participants with IL8 above the median died of any cause ≈1.3 years before the 15% of the population had died. Conclusion: Elevated IL8 levels were not associated with CVE risk and CV mortality, but were associated with an increased risk of all-cause mortality regardless of the underlying cause.
Background
Chronic inflammation is a hallmark of atherosclerosis and cancer [1, 2] . Among the inflammatory chemokines, Interleukin 8 (IL8) plays a role in atherogenesis and atherosclerotic plaque destabilization. IL8 recruits monocytes into the subendothelial space [3] , has mitogenic and chemotactic effects on vascular smooth muscle cells [4] and contributes to plaque vulnerability by promoting an imbalance between metalloproteinases and metallopeptidases [5] . At the same time, in ischemic tissues, IL8 seems to be beneficial by accelerating neovascularization [6] and promoting angiogenesis [7] . In cancer, IL8 is secreted and expressed by various cancer cell types, has a cardinal pro-angiogenic activity on endothelial cells, induces neovascularization and prolonged survival and proliferation of cancer cells [8] .
Among atherosclerosis related CVE, the role of IL8 has been investigated as risk indicator for CHD with controversial results. Elevated levels of IL8 were associated with an increased risk of future CHD in the EPIC-Norfolk study [9] while they did not appear as an independent risk factor for CHD in the MONICA/ KORA case-cohort study [10] and were associated with a reduced occurrence of MI in the SHEEP case-control study [11] .
Circulating IL8 has not been studied in relation to the risk of ischemic stroke in prospective CV studies, but high levels of IL8 in plasma and cerebro-spinal fluid have been observed in the acute phase of stroke [12, 13] .
IL8 as a predictor of cancer has been scarcely studied. However, a relation between IL8 and disease progression has been reported in at least ten types of cancers [14] .
Little is known with regard to IL8 as a risk marker for cancer and CV mortality. IL8 has been associated with all-cause mortality in elderly women from the PIVUS cohort [15] and in a secondary analysis from the COR-ONA trial [16] , whereas such association was not observed in an elderly community dwellings from the MEMO study [17] .
Recent data from the CANTOS study have demonstrated the importance of the resolution of the inflammatory reaction to prevent CVE and cancer [18, 19] . Given the central role of IL8 in initiating the inflammatory response in atherosclerosis, we aimed to investigate the role of IL8 as a predictor for first time atherosclerosis related CVE (myocardial infarction, angina requiring hospitalization, ischemic stroke). Moreover, we also estimated the risk of all-cause, CV and cancer related mortality in relation to circulating IL8. We performed our study in a large cardiovascular cohort, the 60YO, where participants were followed-up until death or first CVE.
Methods

Study population
The 60YO was established in 1997-1998 and fully described elsewhere [20, 21] . Briefly, every third man and woman living in Stockholm County born between 1 July 1937 and 30 June 1938 was randomly selected from the population register and invited to participate in a health screening for CVD from August 1997 to March 1999. Of 5460 subjects invited to participate, 4232 (2039 men and 2193 women) agreed to be enrolled (participation rate 78%).
Participants were invited to fill in a questionnaire on life style, diet, past and current medical history and to participate to a health screening where anthropometric measures were recorded. The original version of the questionnaire is in Swedish language; an English translation of the questions used in the present study is shown in Additional file 1. Blood samples were obtained after overnight fasting and stored (− 80°C) until analyses.
The study and the consent procedure were approved by the Regional Ethical Review Board at Karolinska Institutet and by the Regional Ethical Review Board in Stockholm, Sweden (reference numbers 96-398, 99-306, 03-100, 03-115 and 16/205-31/2). Participants gave their informed consent orally to be enrolled in the study, since written consent forms were not in current use when the study was initiated. All clinical investigations were conducted according to the principles expressed in the Declaration of Helsinki.
Outcome ascertainment
The 60YO cohort is annually matched with the Swedish National Patient Register and the Cause of Death Register where diagnoses are registered using the International Classification of Diseases (ICD) 10th Revision codes. In this study, only main diagnoses registered until December 31st 2014 were extracted to ascertain the outcome. Follow-up was 99.8%; the linkage to mandatory high-quality population-based registers minimizes the possibility of differential loss to follow-up.
Participants without IL8 measurement (n = 103) and with incomplete questionnaires (n = 118) were excluded, leaving 4011 participants (Additional file 2: Figure S1 ).
Atherosclerosis related CVE were recorded using the diagnosis codes for MI (I21), angina requiring hospitalization (I20 and I25), and ischemic stroke (I63). To analyze the association of IL8 with the risk of first CVE, we excluded participants with prior CVE (n = 362), i.e. those who had reported a former CVE in the questionnaire and/or those where a CVE diagnosis was recorded in the register before the enrollment date. Furthermore, we excluded participants with the following diagnoses codes: I46-sudden cardiac death since the underlying cause was unknown (n = 4), I64.9-stroke not specified as hemorrhage or infarction (n = 6), I65.2-carotid artery stenosis since it was unclear if they had an ischemic stroke (n = 8), I25.2-old MI (n = 1) and I25.9-chronic ischemic heart disease (n = 4) since we could not verify the time at which the event occurred. After exclusion, 522 incident CVE were analyzed (Additional file 2: Figure S1 , left side of the flowchart). In this group, CVE was the cause of death in 67 cases.
Six-hundred-forty-seven participants died until December 31st 2014. Death was defined as CV related if the ICD code that defined the underlying cause of death belonged to the I00-99 diagnosis code group. After the exclusion of prevalent CVE, 136 cases were analyzed. Death was considered as cancer related if the ICD code belonged to the C00-C99 group. A prior cancer diagnosis was reported in the questionnaire by 115 study participants, which were excluded, leaving 266 cases in the analysis (Additional file 2: Figure S1 , right side of the flowchart).
IL8 measurements
Serum samples were retrieved from frozen storage, thawed, and IL8 levels were measured using electrochemiluminescence immunoassay plates produced by Meso-Scale Discovery's Multi-Array® (MSD). Concentrations were derived from the standard curve and expressed as picograms per milliliter (pg/mL). Intra-assay variability (5.8%) was calculated as the average of the coefficients of variation of duplicate samples (n = 544) run in the same assay. Inter-assay variability (2.8%) was calculated as the average of coefficient of variation of duplicate pooled samples run in 15 consecutive plates. According to the manufacturer, mean intra-assay coefficient of variation should not exceed 15% and mean inter-assay 18%. Samples were analyzed in a random order and blinded with regards to case-non-case status in order to avoid observer expectation bias.
Clinical and anthropometric variables: Definition of potential confounding factors
Systolic-and diastolic blood pressure (BP) were measured as previously reported [21] . Hypertension was defined as BP ≥140/90 and/or antihypertensive drug therapy and/or self-reported. Body Mass Index (BMI) was calculated using the formula weight (kg)/ height (cm2). A waist/hip ratio ≥ 0.90 in men and ≥ 0.85 in women was used to define central obesity [21] .
Physical activity at work was defined as low (sitting almost all day), medium (sitting half day), medium high (sitting less than half day), high (almost never sitting). Physical activity during leisure time was defined as low (< 2 h/week), medium (about 2 h/week), medium high (30 min 1-2 times/week), high (30 min > 2 times/week).
Smokers were categorized as current smokers or non-current smokers. Daily intake of alcohol in grams was estimated from the average number of cans/bottles drunk daily [22] .
Glucose was measured with an enzymatic colorimetric test (Bayer Diagnostics, Tarrytown, NY). Diabetes was defined at baseline as fasting glucose ≥7.0 mmol/L and/ or antidiabetic medication intake and/or self-reported. Cholesterol and triglycerides were analyzed using enzymatic methods (Bayer Diagnostics, Tarrytown, NY). Hypercholesterolemia was defined as fasting total cholesterol > 5.0 and/or treatment for hypercholesterolemia and/or self-reported.
Statistical analysis
Baseline characteristics of the study population are reported according to IL8 quartiles (Q1 ≤ 8.7, Q2 > 8.7 ≤ 11.9, Q3 > 11.9 ≤ 17.3, Q4 > 17.3). Continuous variables are presented as median and interquartile range (IQR).
We investigated the association of IL8 as a continuous variable and categorized in quartiles with the risk of first CVE and with the risk of all-cause, CV-and cancer-related mortality (IL8Q1 as the reference group). Cox proportional hazards model was used to calculate hazard ratios (HR) with 95% confidence intervals (CI).
In the association of IL8 with the risk of first atherosclerosis related CVE, estimates were adjusted by sex, hypertension, diabetes, hypercholesterolemia, smoking and central obesity. In the association of IL8 with mortality risk, the influence of potential confounding was addressed by adjusting for sex and life style factors (smoking, alcohol consumption, physical activity at work and during leisure time) in model 1a and by the addition of the common cardiometabolic risk factors (waist/hip ratio, systolic and diastolic blood pressure, glucose and cholesterol levels) in model 1b. Schoenfeld's test confirmed proportionality of hazards.
Laplace quantile regression was used to calculate the difference in time (in years) until a certain proportion of the participants had died during follow-up according to IL8 levels. We used 5th, 10th, 15th percentile of the study population, given that almost 15% of the individuals in our cohort had died over the entire follow-up. In this analysis, IL8 levels were dichotomized at the median. Risk estimates were adjusted according to the model 1b described above.
All calculations were performed using Stata v.14.
Results Table 1 summarizes the distribution of baseline characteristics observed per IL8 quartile. With increasing IL8 quartiles study participants were mostly men and current smokers, had more frequently a history of diabetes, central obesity and hypercholesterolemia. Similar values in cholesterol and glucose levels were observed across IL8 quartiles, as well as in reported physical activity at work and during leisure time.
IL8 and risk of first CVE
During a follow-up period of 16.5 (15.9-16.8) years, 522 incident CVE were recorded: 177 MI, 181 angina requiring hospitalization and 164 ischemic stroke. Exposure to increasing IL8 levels indicated no association between IL8 and first CVE (adjusted HR of 0.99 (0.90-1.00). After categorization in quartiles, no differences in CVE risk were observed across IL8 quartiles (adjusted HR of 0.96; 95% CI 0.75-1.22, IL8 Q4 vs IL8Q1). Similarly, IL8 levels were not associated with the risk of MI and angina requiring hospitalization or ischemic stroke after adjustment for the traditional CV risk factors (Table 2 and Additional file 3: Figure S2 , Additional file 4: Figure S3 and Additional file 5: Figure S4 ). Exposure to the highest IL8 quartile was associated with an increased risk of fatal CVE (n = 67) (HR of 2.55; 95% CI 1.22-5.31), however the estimate did not attain statistical significance after adjustment for the CV risk factors (IL8 Q4 vs Q1, HR of 1.87 and 95% CI 0.89-3.94).
IL8 and risk of all-cause, cardiovascular and cancer related mortality
We did not observe an increased risk of all-cause mortality (adjusted HR 1.00; 95% CI 0.99-1.01), CV mortality (adjusted HR 1.00; 95% CI 0.98-1.01) and cancer related mortality (adjusted HR 0.99; 95% CI 0.98-1.01) per unit increase in serum IL8.
However, as shown in Table 3 and Additional file 6: Figure S5 , Additional file 7: Figure S6 and Additional file 8: Figure S7 , compared to the reference category (IL8Q1), high IL8 levels were associated with an increased risk of all-cause mortality (adjusted HR 1.28; 95% CI 1.02-1.63).
In the crude models, high levels were also associated with an increased risk of CV and cancer related mortality. However, estimates did not attain statistical significance in the fully adjusted model. We estimated the difference in time to death according to IL8 levels (Table 4) . Study participants with IL8 levels higher than the median value (Q2) died, regardless of the underlying cause, about 1.4 and 1.3 year before the 10th and 15th percentile of the population had died. A similar trend, although not statistically significant, was observed when CV and cancer related mortality were analyzed separately.
Discussion
The main finding of the present study is that elevated levels of IL8 were not associated with the risk of future CVE. On the other hand, IL8 levels were associated with an increased risk of all-cause mortality independently from life-style and cardiometabolic risk factors.
Previous studies performed in European cohorts have challenged the hypothesis that IL8 might represent a biomarker for CVD risk. High levels of IL8 were (24) 321 (25) 338 (26) 312 (24) Medium 212 (24) 225 (25) 213 (24) 225 (25) Medium high 227 (24) 236 (25) 230 (25) 233 (25) High 210 (24) 205 (24) 220 (26) 209 (25) Physical activity during leisure time Low 100 (22) 123 (27) 111 (24) 121 (27) Medium 594 (26) 569 (25) 570 (25) 565 (25) Medium high 220 (24) 225 (25) 239 (26) Continuous variables are presented as median and interquartile range. Abbreviations: SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI body mass index, LDL low density lipoproteins, CVE cardiovascular events. Missing values: SBP and DBP, n = 3; waist/hip ratio, n = 2; physical activity at work, n = 83; physical activity leisure time, n = 59; smoking, n = 57; alcohol consumption, n = 1; LDL, n = 47 associated with the risk of future CHD, defined as fatal and non-fatal CHD in individuals aged 45-79 years after 6 years of follow-up in a UK population [9] whereas IL8 were not associated with incident CHD, defined as incident fatal, non-fatal MI and sudden cardiac death, in a German population below the age of 75 years after 11 years of follow-up [10] . Conversely, in a large MI case-control study we have observed a reduced occurrence of non-fatal MI in individuals exposed to elevated levels of IL8, reverse causality being one of the possible explanations of these results [12] . Unlike previous studies, our CVE definition included angina pectoris requiring hospitalization and ischemic stroke, conditions that accounts for approximately 30% each of the incident events. While IL8 levels have been reported to be higher in unstable angina pectoris as compared to stable angina pectoris and controls in small clinical studies [23, 24] , measurements were performed at the disease onset, and thus, it is likely that IL8 levels mirrored an acute inflammatory state. We did not observe an association of IL8 with risk of ischemic stroke or MI/angina when analyzed separately, therefore the use of composite outcome might not be the sole explanation for the heterogeneity in epidemiological findings reported so far. One relevant possibility in the different findings for the association of IL8 with CV risk across studies might be the inclusion/ exclusion of CV deaths. In the present study, we did not observe an association of IL8 with CV related mortality, but the relation between IL8 and fatal atherosclerosis related CVE deserve further exploration. All together, these results suggest that the association of IL8 with risk of CVE might depend upon the baseline CV risk of the Number of study participants in each IL8 quartile refers to the crude model. Ischemic stroke cases (n = 164) were excluded from the analysis of the association of IL8 with the risk of MI and angina requiring hospitalization. MI and angina requiring hospitalization (n = 358) were excluded from the analysis of the association of IL8 with the risk of ischemic stroke. Missing values in the confounders are specified in Table 1 Model 1: adjusted by sex, smoking, diabetes, hypercholesterolemia, hypertension, diabetes and central obesity population investigated, the length of the follow-up period and the outcome definition that may vary across studies, a phenomenon observed for other inflammatory biomarkers that participates in the early phase of atherogenesis, such as adiponectin [25] . Furthermore, genetic variants associated with IL8 in serum do not associate with the risk of MI [26] , suggesting that IL8 can be considered as risk indicator for CVE in certain populations, but not a risk factor for CVE.
Our results on the association of IL8 with mortality regardless of the underlying cause confirm and extend previous observations. IL8 have been shown to predict all-cause mortality in a cohort of 70 year old Swedish women [15] and in a secondary analysis from the COR-ONA trial [16] . In contrast, elevated levels of IL8 were not a predictor of all-cause mortality in the MEMO study [17] even if higher levels were observed in participants who died during the follow-up as compared to survivors. As opposed to the MEMO study, we did not consider interleukin 6 (IL-6) a confounding factor, since IL8 indirectly regulates IL6 inflammatory effects by prompting the shedding of the soluble IL6 receptor [27] thus participating to the inflammatory reaction stimulated by IL8.
Ageing has been positively correlated with IL8 [10] and reported to increase the visceral adipose tissue prompting secretion of IL8, which is higher in visceral adipose compared to subcutaneous adipose tissue [28] . In fact, previous epidemiological studies in the elderly have underscored the premise that risk estimation in elderly people may warrant different approaches than in young and middle aged subjects [29] . In this respect, high IL8 may reflect a physiological state of biological ageing. Of note, our findings also indicate that high IL8 is associated with an increased risk of early death regardless of the underlying cause. Taken together, these observations suggest that IL8 levels may mirror a chronic inflammatory state already present years before the cancer or CV disease diagnosis that predisposes the individual to an increased risk of death.
This study has strength and limitations. To our knowledge, this is the largest study reported so far on the association of IL8 and CV outcomes. The strength includes the high response rate of those invited to participate and the almost complete long term follow-up of subjects through linkage to high-quality national registries. Our findings are not affected by the potential effect of age on IL8 since participants had the same age at study start. Several limitations deserve mentioning. This study is observational, and hence, residual, unmeasured (e.g., C reactive protein) or unknown potential confounding factors cannot be ruled out. The 60Y0 was designed to identify novel risk factors and biomarkers for cardiovascular diseases. We cannot exclude that a larger cohort would have been necessary to identify the association of IL8 with cancer related mortality. Furthermore, this study may be subjected to regression dilution bias since the potential individual variability of IL8 levels during the follow-up period is unknown. Had misclassification occurred, it would probably be non-differential and thus would bring associations towards the null.
Conclusions
In conclusion, high IL8 levels may not be considered a risk marker for the risk of future CVE, but they possibly reflect subclinical disease or biological ageing and are therefore associated with an increased risk of death regardless of the underlying cause. The janus properties of IL8, pro-inflammatory and anti-ischemic, observed in experimental studies [30] , might partly contribute to explain the discordant association of IL8 with the risk of atherosclerosis related CVEs reported in observational studies. Further larger observational studies aimed to determine the role of this cytokine in the initial stage of atherogenesis will be of interest.
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Additional file 4: Figure S3 . Graphical representation of the results of the association of serum IL8 with the risk of myocardial infarction and angina requiring hospitalization. Risk estimates are reported in Table 2 . IL8quartile = 0 corresponds to IL8Q1; IL8quartile = 1 corresponds to IL8Q2; IL8quartile = 2 corresponds to IL8Q3; IL8quartile = 3 corresponds to IL8Q4. Figure S5 . Graphical representation of the results of the association of serum IL8 with the risk of all cause mortality. Risk estimate are reported in Table 3 . IL8quartile = 0 corresponds to IL8Q1; IL8quartile = 1 corresponds to IL8Q2; IL8quartile = 2 corresponds to IL8Q3; IL8quartile = 3 corresponds to IL8Q4. Panel A: crude model. Panel B: model 1a, adjusted by sex, smoking, alcohol consumption, physical activity at work and during leisure time; Panel C: model 1b: model 1a + systolic and diastolic blood pressure, central obesity, cholesterol and glucose levels. Missing values in the confounders are specified in Table 1 .
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Additional file 7: Figure S6 . Graphical representation of the results of the association of serum IL8 with the risk of cardiovascular related mortality. Risk estimate are reported in Table 3 . IL8quartile = 0 corresponds to IL8Q1; IL8quartile = 1 corresponds to IL8Q2; IL8quartile = 2 corresponds to IL8Q3; IL8quartile = 3 corresponds to IL8Q4. Panel A: crude model. Panel B: model 1a, adjusted by sex, smoking, alcohol consumption, physical activity at work and during leisure time; Panel C: model 1b: model 1a + systolic and diastolic blood pressure, central obesity, cholesterol and glucose levels. Missing values in the confounders are specified in Table 1 .
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Additional file 8: Figure S7 . Graphical representation of the results of the association of serum IL8 with the risk of cancer related mortality. Risk estimate are reported in Table 3 . IL8quartile = 0 corresponds to IL8Q1; IL8quartile = 1 corresponds to IL8Q2; IL8quartile = 2 corresponds to IL8Q3; IL8quartile = 3 corresponds to IL8Q4. 
